] is associated with coronary heart disease risk, but links with stroke are less consistent. Blacks have higher Lp(a) levels and stroke incidence than whites but have been underrepresented in studies.
L p(a) [lipoprotein(a)
] is a cardiovascular risk factor that has been under intense investigation in recent years. Proposed mechanisms for its associated proatherosclerotic effects include a role in foam cell formation, promotion of cholesterol deposition into atherosclerotic plaques, and alterations in immunogenic responses. 1, 2 Lp(a) levels are largely genetically determined and are thought to be only minimally affected by lifestyle. 3 This suggests that there may be an inherent predisposition to cardiovascular disease and stroke in people with elevated Lp(a). Given its aforementioned properties, Lp(a) has been investigated as a risk factor for incident cardiovascular disease and stroke.
It is well established that stroke risk and mortality differ between blacks and whites patients in the United States. 4 Alongside the conventional cardiovascular risk factors, such as LDL-C (low-density lipoprotein cholesterol), there is emerging interest in identifying biomarkers that can help to explain racial differences in ischemic stroke risk. 5, 6 Prior data from other large, population-based cohort studies have been conflicting on stroke, with some studies linking elevated Lp(a) levels to a higher incidence of ischemic stroke, [7] [8] [9] [10] whereas others have not found an association. [11] [12] [13] This may be partly attributable to lack of differentiation between the subtypes of incident stroke 13 or to racial or other differences in cohort composition. This may also be secondary to lack of adjustment for LDL-C levels, which is an important risk factor for stroke. 5, 6 To address these limitations, we examined the association of Lp(a) levels with ischemic stroke in a large biracial population-based cohort study. We specifically investigated whether Lp(a) levels differed by race and gender and the role of Lp(a) as a predictor of future stroke events in blacks compared with whites and in men compared with women.
Materials and Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
Subjects
The REGARDS (Reasons for Geographic and Racial Differences in Stroke) cohort is well-described population-based cohort study, that is, evaluating racial and geographic differences in cardiovascular disease. 14 The study participants included 30 239 men and women, age 45 and older that were enrolled over 4 years across the contiguous United States. Participants from the region known as the stroke belt (the states of Alabama, Arkansas, Georgia, Louisiana, Mississippi, North Carolina, South Carolina, and Tennessee) were oversampled, as were black participants with a goal of 50% in the stroke belt, 50% black, and 50% women. Computer-assisted telephone interviews were used to elicit verbal informed consent and information on demographics, medical history, and socioeconomic factors. Further data, such as ECG, medication reconciliation, blood samples for laboratory examination, and written informed consent, were obtained via in-home examination at baseline. The Institutional Review Boards of each participating institution reviewed and approved the study methods.
Measurements and Definitions
Age, race, sex, smoking history, and prebaseline stroke were determined by self-report. Hypertension was defined as systolic blood pressure ≥140 mm Hg, diastolic pressure ≥90 mm Hg, or self-reported hypertension treated with antihypertensive medications. Diabetes mellitus was defined by fasting glucose >126 mg/ dL, nonfasting glucose >200 mg/dL, or self-report with the use of antidiabetic medications. Atrial fibrillation was defined as self-report or presence on ECG. Prevalent cardiovascular disease was defined as self-reported myocardial infarction, coronary artery bypass, percutaneous coronary intervention, or myocardial infarction on ECG. Left ventricular hypertrophy was determined based on ECG criteria.
Blood was collected in the morning after an overnight fast and transported to a local laboratory, where it was centrifuged and serum or plasma separated. Samples were shipped overnight on ice to the Laboratory for Clinical Biochemistry Research at the University of Vermont, where they were recentrifuged at 30 000g and either analyzed or stored at −80°C.
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Stroke Ascertainment
The primary outcome was first ischemic stroke through September 1, 2011. Incident stroke that occurred after study inclusion has been defined previously. 16 Stroke occurrence was determined by contacting participants and proxies every 6 months via telephone and through review of medical records by 2 independent stroke expert physicians from the adjudication committee. All ischemic stroke events were adjudicated by an expert committee using predefined criteria. 14 We classified strokes as ischemic or hemorrhagic then further defined the etiologic subtypes of ischemic stroke as large vessel disease, small vessel disease, cardioembolic, other, or unknown.
Case-Cohort Sample
A case-cohort sample with a mean follow-up of 5.4 years was selected from the REGARDS cohort to evaluate the hypotheses. Cases were 572 participants without any baseline stroke who developed ischemic stroke during follow-up. The cohort random sample was selected from the entire cohort, details of which have been published previously. 17 Briefly, the cohort random sample for this analysis consisted of 967 participants. They were selected using age (20%, 45-54; 20%, 55-64; 25%, 65-74; 25%, 75-84; and 10%, ≥85), sex (50% women, 50% men), and race (50% black, 50% white) stratified sampling. Similar to the cases, participants with baseline stroke were excluded for this analysis.
Laboratory Methods
Cholesterol, HDL-C (high-density lipoprotein cholesterol), and triglycerides were measured in baseline serum samples as they arrived at the central laboratory using colorimetric reflectance spectrophotometry on the Ortho Vitros Clinical Chemistry System 950IRC instrument (Johnson & Johnson Clinical Diagnostics, Rochester, NY). LDL-C was calculated by the Friedwald equation for participants with triglycerides <400 mg/dL. The CVs for cholesterol, HDL, and triglyceride were <2%, 7%, and <2%, respectively. Lp(a) was measured in 2012 using baseline plasma retrieved from −80°C storage that had been thawed 1× to 2× before analysis. We used an automated particle-enhanced immunonephelometric assay (N Latex Lp(a), Siemens Healthcare Diagnostics, Inc) in which polystyrene particles are coated with monoclonal antibodies to Lp(a) that agglutinate in the presence of antigen to cause an increase in the intensity of scattered light. The increase in scattered light is proportional to the amount of Lp(a) in the sample, as compared with a standard (N Latex Lp(a) Standard SY). The CV was 2% to 5% at different concentrations.
Statistical Methods
Two models were created for proportional hazards regression to evaluate the relationship between Lp(a) and stroke. Model 1 included age, race, sex, and an age×race interaction term. Model 2 also included the Framingham stroke risk factors (atrial fibrillation, smoking, systolic blood pressure, prior cardiovascular disease, left ventricular hypertrophy, and use of any antihypertensive medication). For all modeling, gender-and race-specific quartiles were used for Lp(a) values. Hazard ratios (HRs) for stroke comparing the stroke incidence in the second, third, and fourth quartiles, to incidence in the first quartile were calculated. Interactions were tested by including interaction terms in the proportional hazards models, with P<0.10 considered statistically significant. A type I error rate of 0.10 was chosen a priori for tests of interactions, recognizing that the increased power provided by this comes at the expense of increased risk of false-positive findings. This is because we perceived a type II error to be more costly than a type I error in this area.
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Sensitivity Analyses
We conducted 2 sensitivity analyses. One was to determine the relationship of Lp(a) with ischemic stroke subtypes, with separate proportional hazards models fit for each stroke subtype. The second was to determine if the association of Lp(a) with stroke varied by baseline statin use, which was examined by including an Lp(a) by statin use interaction term in the models and by assessing if addition of statin use to the models attenuated the relationship between Lp(a) and stroke.
Results
Lp(a) values ranged from 1.0 to 217.0 mg/dL in the cohort sample of 967 study participants. There were 242 black women, 236 black men, 246 white women, and 243 white men in the cohort sample. Median (interquartile range) values for Lp(a) in the cohort random sample were 32. Table 2 presents the baseline characteristics of the cohort sample participants based on race-sex specific Lp(a) quartiles, weighted to reflect the entire at-risk cohort of 26 242. The only factors that differed by Lp(a) quartile were the prevalence of dyslipidemia and mean LDL-C, with higher levels of both dyslipidemia and LDL-C noted with increasing Lp(a) quartiles.
There were 572 incident ischemic stroke cases at median 5.4 years of follow-up (range 1 day to 8.5 years), with 239 strokes in black participants and 333 strokes in white participants. The median Lp(a) for the cases was 24.0 mg/dL (interquartile range, 7.0-53 mg/dL). Of note, a total of 20 cohort sample participants had incident stroke during the follow-up.
Among all cases and controls with ischemic stroke, subjects in the third quartile of Lp(a) had a HR of 1.43 (95% CI, 1.01-2.03) of having ischemic stroke compared with subjects in the first Lp(a) quartile after adjustment for age, race, and sex (Table 3) . There was also a trend towards significance in the fourth quartile. After adjustment for age, sex, and stroke risk factors, being in the fourth versus the first Lp(a) quartile was weakly associated with ischemic stroke overall with an HR of 1.45 (95% CI, 0.96-2.19). In model 1, the black participants with Lp(a) in the fourth quartile compared with the first quartile had an HR of 1.74 (95% CI, 1.03-2.94) for incident stroke (Table 3 ). There were no significant association between Lp(a) and incident stroke in white participants, although the interaction between Lp(a) quartiles and race was not statistically significant (P=0.37). After adjustment for the Framingham stroke risk factors in model 2, the association with stroke among black participants in the fourth quartile of Lp(a) was stronger with an HR of 1.96 (95% CI, 1.10-3.46) compared to black participants with the Lp(a) levels in the lowest quartile (Table 3 ). There was no significant association between Lp(a) and incident stroke in white study participants in model 2 (race×Lp(a) interaction P value=0.12). There was no difference in the association of Lp(a) and incident stroke by sex (Table 3) .
The sensitivity analysis by stroke subtype did not reveal a statistically significant association between elevated Lp(a) and specific ischemic stroke subtypes owing to small numbers (Table 4) . However, the patterns of association suggested similar associations as for overall stroke except that there was no association with small vessel subtype. Furthermore, there was no difference in the association of Lp(a) with stroke risk by statin use (interaction P value=0.37 for model 1 and P=0.29 for model 2). Also, the HRs of stroke with higher Lp(a) were similar after adding statin use to the models (Table I in the online-only Data Supplement).
Discussion
In this population-based cohort, Lp(a) concentration was higher in black participants than white participants and in women compared with men. Elevated Lp(a) was associated with an increased risk of ischemic stroke after adjustment for age, gender, and race. This trend was stronger for black than white participants, although the racial difference was not statistically significant. This relationship was preserved after adjustment for traditional stroke risk factors. Men had significantly lower Lp(a) values compared with women, but the association of Lp(a) with ischemic stroke did not differ between men and women. Finally, baseline statin use did not alter the association between Lp(a) and stroke, and Lp(a) was not differentially related to specific stroke subtypes, with the possible exception of no association with small vessel subtype. There are many possible mechanistic explanations for our results. Lp(a) appears to accelerate atherogenesis. 19 Mounting epidemiologic 20, 21 and genetic data 22 suggest a causal relationship between Lp(a) and stroke. This explains the stronger relationship between Lp(a) and stroke at higher Lp(a) concentrations that we observed in the analysis of all participants. The basis of racial differences in Lp(a) has been explored previously. There are well-recognized racial variations in the apo(a) [apolipoprotein(a)] particle that makes up Lp(a). The size of apo(a) size determines the size of Lp(a), which is it itself inversely correlated with overall concentrations of Lp(a). 23 In a cohort from New York, black participants had smaller Lp(a) isoforms, a higher overall concentration of Lp(a), and there was a stronger association of Lp(a) with coronary artery disease on coronary angiography compared with white participants. 24 Moreover, Lp(a) is increased by conditions like chronic kidney disease. 25 This may further explain the racial difference in levels, as blacks have a higher incidence and prevalence of renal disease. However, chronic kidney disease was not associated with stroke risk in REGARDS, so we did not consider it as a potential confounder. Additionally, nonwhites have an acknowledged higher rate of statin nonadherence. 26 Therefore, the cardiovascular disease risk that high levels of Lp(a) confer in blacks may be associated with a failure to address other established cardiovascular risk factors because of a disparity in statin usage. We conducted a sensitivity analysis adjusting for baseline statin usage but did not find any evidence for mediation by baseline statin use in the hazards related to Lp(a).
We reiterated prior findings that Lp(a) levels are higher in blacks, 1 in participants with cardiovascular disease, 27 and in those with higher LDL-C concentrations. 28 Prior data from other large, population-based cohort studies have been conflicting on stroke, with some studies linking elevated Lp(a) levels to a higher incidence of ischemic stroke, 7-10 whereas others have not found an association. [11] [12] [13] This may be partly attributable to lack of differentiation between the subtypes of incident stroke 13 or to racial or other differences in cohort composition. This may also be secondary to confounding from LDL-C levels, which is an important risk factor for stroke. 5, 6 We evaluated the association of Lp(a) concentration with stroke subtypes with inconclusive findings, but no association with the small vessel subtype. A study with a larger number of strokes would be needed to confirm this finding. To the best of our knowledge, most previous studies that have addressed the association of Lp(a) with stroke or subtypes have not included a large number of black participants. Though the statistical testing for racial differences in association did not reach statistical significance in our investigation, we consider our findings to be of clinical significance. The ARIC (Atherosclerosis Risk in Communities) cohort investigators studied the relationship between Lp(a) and ischemic stroke; Ohira et al 10 reported an association with ischemic stroke in black participants and white women but not white men. Our findings, which included 76 more stroke cases compared with ARIC, are consistent with Ohira et al 10 about the relationship in black participants. Additionally, REGARDS had a wider geographic catchment area than the ARIC cohort did. Virani et al 27 later reported 20-year follow-up results on association of Lp(a) levels with the risk of both coronary heart disease events and ischemic stroke in the ARIC cohort. Virani et al 27 confirmed the previous findings from the ARIC cohort that Lp(a) was associated with incident ischemic stroke in black participants. In that larger ARIC study with 663 ischemic stroke events and longer follow-up, the investigators did not find any differences by sex in association of Lp(a) with ischemic stroke. This is concordant with our results from REGARDS. Our results have important clinical implications. We add to the growing body of literature from large, prospective cohort studies noting the correlation between Lp(a) and ischemic stroke. It is estimated that 1.5 billion people have Lp(a) >50 mg/dL. 29 Additionally, the effect of lifestyle and dietary changes on Lp(a) levels remain somewhat unclear. 3 This suggests that Lp(a) warrants serious consideration as a cardiovascular risk factor and provides justification for study of direct targeting of levels. Its current use in prognostication of cardiovascular disease remains largely limited to specialist centers and clinical trials. Lp(a) has also gained a greater clinical presence with the publication of the 2018 multisociety cholesterol management guidelines, where Lp(a) levels ≥50 mg/dL or 125 nmol/L were highlighted as an important risk modifier for patients with a history of atherosclerotic cardiovascular disease that is unexplained by major risk factors or with a family history of atherosclerotic cardiovascular disease. 30 This is pertinent to our investigation, as over 25% of subjects (particularly black subjects), had Lp(a) levels higher than this threshold. Along with this, the concomitant approval of 2 International Classification of Diseases, Tenth Revision diagnostic codes by the Centers of Disease Control and Surveillance for elevated Lp(a) may increase the usage of Lp(a) testing in clinical practice. 31 There is also a recognized heterogeneity in the measurement methods for Lp(a), with little consensus on a gold standard. 19, 32 In terms of pharmacological interventions, proprotein convertase subtilisin/ kexin-9 inhibitors reduce Lp(a) to unprecedented levels. 33 This therapeutic class offers an exciting option to address this stroke risk factor that is largely unaffected by statin therapy. Mipomersen and lopitamide are also potential therapeutic options targeting Lp(a). 34 Finally, there is an antisense oligonucleotide in development that targets Lp(a). 35 We acknowledge that our investigation has limitations. Cohort studies can be hindered by loss to follow-up. Cohort retention in REGARDS was excellent at 97.1% annually in whites and 96.2% annually in blacks, similar to other population-based cohort studies. The REGARDS cohort also did not include participants who were not white or black. However, the purpose of this cohort study was to examine the starkest racial disparity in stroke-affecting blacks in the United States. Although we observed differences by race in the relationship between Lp(a) and ischemic stroke, the interaction was not statistically significant. 2 These findings should be confirmed in other studies or with longer follow-up in REGARDS. The association between Lp(a) and ischemic stroke in other racial groups warrants further investigation. We acknowledge the wide variety of assays available for measuring Lp(a) (Table II in the online-only Data Supplement). This may make it difficult to interpret study findings from studies using different methodology and has been identified as an area that needs to be addressed further. 19 A strength of the current study is use of a single automated assay with a low analytical CV, which reduces imprecision in measurement. However, bias because of sample matrix effects in diluted samples cannot be ruled out. We also note that the HR for the cardioembolic stroke subtype trended towards significance. Prior data suggest that Lp(a) may be associated with upregulation of the coagulation pathways and impaired fibrinolysis, 36 which could be a predisposing factor for the formation of cardiac thrombi that may lead to cardioembolic stroke. Unfortunately, this was a secondary analyses and our study power was limited to evaluate this association more fully; further confirmation and investigation are warranted. It is important to recognize the different distribution of Lp(a) among whites and blacks. In whites, the distribution is highly skewed, whereas the Lp(a) distribution follows a more normal distribution in blacks. 2 In this analysis, we used race-specific quartile definitions so we could accurately determine the association of Lp(a) with stroke in blacks and whites separately. Table 3 . CI indicates confidence interval; HR, hazard ratio; and Lp(a), lipoprotein(a). *Other black: 0 cases in Q1, so HR undefined. In conclusion, elevated Lp(a) is an emerging risk factor for ischemic stroke. Elevated Lp(a) may also be associated with the racial disparity in stroke affecting blacks in the United States, and thus may be a race-specific risk factor for ischemic stroke. More research is needed to confirm the racial differences in Lp(a) and to evaluate apo(a) isoforms to identify the role of Lp(a) in the prognostication and prevention of ischemic stroke.
